After the recent financial crisis, few issues receive more attention than central banks' actions or major macroeconomic announcements in markets. Motivated by this fact, we investigate the impact of specific macro-announcements on liquidity commonality in Turkey. Using a weighted spread constructed by a proprietary database of order flows, we reveal that among several developed countries, only U.S. monetary policy and macroeconomic announcements raise commonality in liquidity. Moreover, commonality is significantly affected (increased) only beyond the best price quotes, showing that researchers may obtain misleading results on commonality if they consider spread at the best price levels as a liquidity proxy.
Introduction
With the improving technology and the increasing global interconnectedness in the last few decades, market participants have started to pay considerable attention to the concept of liquidity in financial markets. However, even though it has been realized that liquidity is an essential factor in the proper functioning of markets, less than enough effort was paid to studying and understanding different aspects of it before the global financial crisis of 2008.
Among these efforts, a specific group of studies has revealed a crucial property of liquidity: Accordingly, liquidity tends to co-move across different stocks, instead of being an individual feature of each security (Chordia et al., 2000; Huberman and Halka, 2001; Hasbrouck and Seppi, 2001 ). This implies the existence of a significant common component that influences firm-level liquidity; i.e., liquidity is subject to a spillover effect that influences other firms traded in the same stock exchange. In such an environment, it is crucial to understand this commonality effect and its main determinants in order to construct solid investment strategies and design robust securities market regulations. However, although the commonality literature is exhaustive for developed markets (Pastor and Stambaugh, 2003; Acharya and Pedersen, 2005; Sadka, 2006; Bekaert et al., 2007; Korajczyk and Sadka, 2008; Kamara et al., 2008) , little research has been conducted on emerging ones (Brockman et al., 2009; Karolyi et al., 2012) .
In this study, we focus on a specific potential source of commonality in liquidity, namely, monetary policy and macroeconomic announcements, in a leading emerging market, Turkey. In the literature, a limited line of research points at the monetary policy and the macroeconomic announcements as reasonable sources of the commonality in liquidity. For example, Chordia et al. (2001 Chordia et al. ( , 2005 find evidence for U.S. macroeconomic announcements and monetary policy giving rise to liquid-1 ity commonality in the U.S. stock market. Similarly, Brockman et al. (2009) show that domestic and also U.S. macroeconomic announcements increase commonality in both developed and emerging stock markets. These studies were performed prior to the recent global financial crisis, and special attention is required to the subject now more than ever. In particular, the quantitative easing policies that have been launched by the Federal Reserve (Fed), and the expansionary monetary policies implemented in other major currency areas like eurozone and Japan affected all the markets around the world. Combined with the low yields in developed countries' bond markets, excess liquidity environment has generated high capital inflows to emerging markets, leading to new financial structures. In the present case, few financial issues receive more attention in the press than macroeconomic announcements, central banks' actions or what their governors say or might say about the economy, interest rates or the markets. Motivated by these facts, we investigate the impact of specific monetary policy decisions and macroeconomic announcements on the liquidity commonality in Borsa Istanbul, the stock exchange of Turkey.
With 237 USD bn. market capitalization and 431 USD bn. traded value at the end of 2013, equity market of Borsa Istanbul is ranked 6th in traded value among all emerging markets in the world. Moreover, it is ranked 3rd in the whole world with a share turnover velocity of 192.3% in the same year. These statistics show that there is a high level of trading activity at a global scale in Borsa Istanbul, and the fact that foreign ownership accounts for more than 60% of the free-float value in the last four years makes this study even more important, not only for domestic investors but also for foreign market participants.
Being one of the few studies on the commonality in liquidity in an emerging market, our work differs from the others in important perspectives. In most of the studies in the literature, the liquidity measures are based on the best bid and ask 2 quotes, such as the quoted or effective spread. The main problem with the best quotes is that when investors have large positions to trade, their orders will extend beyond best prices. Therefore, commonality beyond the best prices is a potential concern especially to any institutional investor that rebalances large positions across many stocks as the execution risk may be non-diversifiable.
Regarding emerging markets, the situation gets more problematic when best bid and ask quotes are used. Jain (2003) shows that larger and more developed stock markets tend to have lower relative tick sizes (absolute tick size divided by price) than smaller and less developed markets. If the tick size in a stock market is larger than it should be, then a possible outcome is that bid-ask spreads always stick to one tick. In that case, two stocks with different order book characteristics may seem very similar in terms of liquidity when one considers the absolute or the relative spreads only at the best price levels, yielding to possible misleading results on the level of systemic liquidity risk. In fact, size of the best bid-ask spread is one tick more than 98% of the time in this study; however, cost of trading significantly differs when we walk up the order book.
In our work, by using full order flow data of each stock, we construct a special weighted spread that measures the cost of round trip (buying and selling simultaneously) for a given amount of position. By using different positions to trade, we look for the effect of monetary policy and macroeconomic announcements on commonality in liquidity at the different levels of the order book. As a check for robustness, we also consider the commonality of buy and sell sides separately.
We reveal that among several developed countries, only U.S. monetary policy and macroeconomic announcements raise commonality in liquidity, suggesting that investors in Turkey are highly sensitive, not to the domestic economy or other developed economies, but only to the U.S. economy. Moreover, this significance is robust with respect to the different sides of the order book. Interestingly, commonality is significantly affected (increased) only beyond the best price levels, showing that large tick sizes in emerging markets can lead to misleading results on commonality in liquidity if one considers spread at the best price levels as a liquidity proxy.
In the rest of this work, we introduce our liquidity measure and our sample selection methodology in Section 2. Section 3 contains the main empirical tests.
Setion 4 provides a small discussion on the sample period and the results of the previous studies. Finally, Section 5 concludes the paper with a brief summary.
Liquidity measure and sample selection
As a liquidity proxy, we use the Xetra Liquidity Measure (XLM) introduced by Deutsche Borse which measures the cost of trading for a given position size Q (money) at a specific time t. 1
Consider the snapshot of the order book of a stock at time t. Let a i and b i be the i th best ask and bid prices respectively at that instant. Denote by P mid ≡ (a 1 +b 1 )/2 the mid price of a 1 and b 1 (so called fair price); LP ≡ (a 1 −b 1 )/2P mid the half of the bid-ask spread (so-called liquidity premium); b(n) = ( b i n i )/n where n i = n, the weighted average bid-price at which the total of n shares can be sold; a(n) = ( a i n i )/n where n i = n, the weighted average ask-price; AP M bid (Q) ≡ (b(1) − b(n))/P mid , where P mid × n = Q the size of the position in TL called the adverse price movement for the bid side; similarly AP M ask (Q) ≡ (a(1)−a(n))/P mid , called the adverse price movement for the ask side. Then, the liquidity measures 1 The same measure was previously used by Domowitz et al. (2005) and Rosch and Kaserer (2014) in the context of liquidity commonality.
are calculated as the following;
where XLM A (Q) (XLM B (Q)) is the execution cost for ask (bid) side; i.e., buy (sell) order for a given position Q, measured in points, and XLM RT (Q) denotes the cost of round trip. For example, XLM RT (25000) = 0.2 means that implicit cost for buying and selling a specific stock using a position of 25000 TL would have amounted to 50 TL.
Our sample period covers all orders coming to the stock exchange from January 4, 2010 to December 31, 2013. 2 The main requirement of the XLM methodology is that a stock should be traded via continuous auction, therefore, we remove the stocks traded via single price auction from our sample. We only use the continuous trading period on each trading day, and take six snapshots of the order book of each stock at 10:00, 11:00, 12:00, 15:00, 16:00 and 17:00, and calculate the XLM (ask, bid and round trip) for five different position sizes of Q = 1000, 10000, 25000, 50000, 100000 TL. As we do not want to be affected by any initial public offering or delisting effect, we consider the stocks listed on the stock exchange during the whole sample period. The last criterion to be introduced is based on the position availability as it is not always possible to find a hypothetical order of size Q, in particular when Q is large. Accordingly, we remove the stocks if the order book does not carry the required positions more than 2% of the whole sample period. 
Results
We begin with analyzing the effects of (scheduled and unscheduled) monetary pol- Table 1 ). The mean comparison of the whole sample and the event window is based on a one-tail, two-sample t-test for differences in means. Further, the t-statistics are corrected for unequal variances whenever appropriate using the Satterthwaite (1941) approximation. Panel A of Table 1 reports the summary results for the responses of liquidity co-movements to interest rate announcements.
-------------INSERT TABLE 1---------------
Interestingly, the results in Panel A of Table 1 show that the interest rate announcements do not significantly increase liquidity co-movements at the best price levels. In fact when Q1 is the position size to trade, liquidity co-movements in event window are not even higher than the sample average except on the announcement dates by Fed and the ECB. The most probable reason for this situation is the fact that bid-ask spreads stick to one tick in Borsa Istanbul for most of the time.
However, the difference comes up as we walk up the order book; i.e., interest rate announcements by Fed significantly increase co-movements between cost of trading the positions Q2, Q3, Q4 and Q5. This picture shows that a liquidity analysis based on best prices can be misleading, and also suggests that tick sizes in Borsa Istanbul are larger than they should be since they do not allow the information to be reflected at best price quotes.
A curios case is that the interest rate announcements by the Turkey's own central 8 co-movement on these announcement dates is larger than whole sample average at best price levels, none of these differences are significant. This further strengthens our claim on tick sizes being larger than they should be. As we walk up the order book, only U.S. GDP announcements create a consistent positive significant impact on liquidity commonality (for position sizes Q2, Q3 and Q4 to trade). So we see that not only Turkey's own interest rate announcements, but also disclosure of its other major macroeconomic variables does not make a significant impact on the commonality in liquidity.
Overall, the results show that among several domestic and global macroeconomic variables, liquidity commonality in Borsa Istanbul is significantly affected only by the interest rate decisions and GDP announcements of U.S.; suggesting that investors in this market are highly sensitive, not to the Turkish economy or other developed economies, but only to the U.S. economy. Moreover, this significance is robust with respect to different sides of the order book according to Table 1 . In addition, since the significance is only observed beyond the best price levels, we can suspect that large tick sizes can lead to misleading results on commonality in liquidity in emerging markets if one considers spreads at the best price levels as a liquidity measure.
Discussion

Sample period and sample size
Due to the period that the data covers, this study can only focus on the new normal period which is characterized by the quantitative easing policies and financial crisis effects, which disables us to know which factors (related to developed countries' macro news and monetary policies) drive the significant changes in commonality in liquidity during normal times. On the other hand, when the order book data 9 is involved, the leading studies (Domowitz et al., 2005; Kempf and Mayston, 2008; Corwin and Lipson, 2011) use only one year of data or less to examine commonality in liquidity (but not the effects of macro news and/or monetary policy announcements); whereas, our sample covers four years of data. Moreover, these studies cover 19, 30 and 100 stocks respectively, while this study analyzes 133 stocks, which makes it a study with one of the largest sample size in the literature.
Comparing with previous studies
As we mentioned in Section 1, the number of studies on the effects of macro news and monetary policy decisions on commonality in liquidity is very limited. The previous works by Chordia et al. (2001 Chordia et al. ( , 2005 The importance of our study arises at this point: According to our analysis, the spreads at best prices stick to one tick more than 98% of the time in our sample.
Therefore, if we were to use quoted or effective spread as a liquidity measure, then we would have the same value for an individual stock whenever we measure liquidity.
In that case, there would not be a change in the degree of commonality.
On the other hand, if we were to use percentage quoted or percentage effective spread, then since the spread at best prices stick to one tick most of the time in our sample, we would be mostly measuring the commonality in the 1/(mid-price), instead of the commonality in liquidity. In fact, the smallest amount Q1, which is 1000 TL in our measure, corresponds to less than 400 USD according to the parity during the sample period, and this amount of money can be found at best price levels most of the time for any stock in our sample. Therefore, our measure are some emerging countries that macroeconomic news do not have an impact on commonality in liquidity. They don't give specific names, but one of these countries could be Turkey. In this case, the contradiction between our results and theirs would emphasize the significance of our study and the importance of liquidity beyond the best prices.
Regarding the dimension of depth, our measure covers it and more as we are able to consider the depth not only at the best prices but also the depth throughout the whole order book.
Conclusion
In this study, we investigate the effects of monetary policy and macroeconomic announcements on the liquidity commonality in an emerging market. In doing that, we use a special weighted spread that measures the cost of trading for a given amount of position that lets us to analyze commonality in liquidity at different levels of the order book.
We reveal that among several domestic and global macroeconomic variables, liquidity commonality is significantly affected (increased) only by the interest rate decisions and GDP announcements of U.S.; suggesting that investors in the sample market are highly sensitive, not to the domestic economy or other developed economies, but only to the U.S. economy. This difference shows the increased im-portance of the Fed decisions on investor sentiment after the global financial crisis, and stresses on the potential challenges faced with other central banks when one clearly dominates the others.
From the upside, even the large institutional traders in Turkey are not prone to systemic liquidity risk during the monetary policy and major macroeconomic announcements except a few specific cases. On the other hand, the significant increase in commonality due to the announcements is found only beyond the best price levels which would probably lead to underestimating the level of systemic liquidity risk for large portfolio rebalances during the major U.S. announcements if only best quotes were used.
A by-product of our analysis is that the size of the best bid-ask spread is one price tick for almost all the time, however, cost of trading significantly differs as we walk up the order book. Combining this with the above-mentioned results suggests that tick sizes in sample period are larger than they should be since they do not allow the information to be reflected at the best price quotes. Large tick size is a common feature in emerging markets, therefore researchers should carefully interpret their results on liquidity commonality if they consider spreads at the best price levels as a liquidity proxy in emerging markets. 
